During the last decade, capillary electrophoresis (CE) has emerged as an important alternative to traditional analysis of serum and plasma proteins by agarose or celluloseacetate electrophoresis. CE analysis of plasma proteins can now be fully automated and also includes bar-code identification of samples, preseparation steps, and direct post-separation quantitation of individual peaks, which permits short assay times and high throughput. 
Introduction
Approximately 200,000 to 250,000 serum or plasma protein electrophoresis are performed annually by Swedish hospital laboratories. The number is much higher in southern Europe. Analysis of plasma or serum proteins by agarose or capillary electrophoresis (CE) is routinely used to screen for M-components and to monitor the treatment of patients with M-components (1, 2) . Other important applications for protein electrophoresis are evaluation of immunological and inflammatory responses (acute phase reaction), following tissue injury, infarction, infection, or immune-related diseases (3, 4) . The two most widely used assays for the acute phase response in humans are C-reactive protein (CRP) and the erythrocyte sedimentation rate (ESR). The ESR is influenced by several factors other than the inflammatory response, and CRP is sometimes considered to be too rapid and too sensitive for monitoring chronic diseases. Other markers of the acute phase response are α 1 -antitrypsin, α 1 -acid glycoprotein, haptoglobin, and fibrinogen. These proteins can be observed in a high-resolution CE electropherogram (5, 6) . Recently, CE systems have been adapted to allow the separation of plasma samples reducing preanalytical times. Assay time with the Capillarys CE system (Sebia, Paris, France) is less than 10 min. The new high resolution (HR) application for the Capillarys CE system yields an improved resolution in comparison with the previous buffer system (β1-β2+ reagent) and allows a good separation of plasma samples, thus making it possible to quantitate individual peaks from the electropherogram (6) .
The aim of this study was to define the 2.5 and 97.5 percentiles reference interval of the different fractions in the electropherogram in a group of apparently healthy adult individuals. The albumin concentrations were measured by nephelometry and were then used to assign values in g/L to the individual peaks in the CE.
Experimental Samples
Plasma samples were collected in gel tubes with lithium-heparin PST II (BD Vacutainer Systems, Plymouth, UK). The samples were obtained from 156 (79 females, 77 males) healthy adult blood donors at the University Hospital (Uppsala, Sweden). The study was approved by the local Ethical Board at Uppsala University (01-167).
Instrumentation
CE was performed using a Capillarys CE system using the new HR buffer. The instrument is equipped with eight capillaries, allowing a throughput of approximately 60 samples/h. The plasma samples are automatically diluted 1:5 with the migration buffer in dilution segments (40 µL sample to a final volume of 200 µL). Samples are then hydrodynamically injected for 4.0 s by anodic depression (injected volume 1 nL). The separation is obtained by applying a voltage of 7 kV for 4 min in eight fused-silica capillaries (total/effective length 17.5/15.5 cm; inner diameter 25 µm). Measured throughput for the instrument was 60 samples/h when analyzing plasma samples.
The temperature is controlled by a Peltier element. The protein separation is performed at pH 9.9, and the protein fractions are detected by absorbance at 200 nm. Weekly cleaning of the capillaries by a washing solution is recommended by the manufacturer when analyzing serum samples and daily when analyzing plasma samples.
Analysis of albumin
Albumin was analyzed on a BN Prospec nephelometer (Dade Behring, Deerfield, IL) with reagents from the same manufacturer, including a calibrator traceable to CRM 470. The albumin assay had a total coefficient of variation of 1.7% at 38 g/L. The albumin value was used to assign values for individual peaks in the electropherogram.
Statistical calculations
Calculations of reference intervals were performed by bootstrap estima- 
Results
Description of the study population Mean, median, lowest, and highest values, as well as standard deviations (SDs) for the studied fractions and age are presented in Table I .
Percentiles (2.5 and 97.5) of individual peaks in percentages of total absorbance
The 2.5 and 97.5 percentiles for the percentages of the different fractions were: albumin fraction, 58.1-69.9%; α 1 -acid glycoprotein fraction, 0.3-1.3%; α 1 -antitrypsin fraction, 1.2-3.0%; haptoglobin, 1.6-4.9%; α 2 -macroglobulin fraction, 2.8-5.7 %; β 1 -globulin fraction, 5.0-8.5%; β 2 -globulin fraction, 3.6-6.2%; fibrinogen fraction, 3.2-5.9%; and gammaglobulin fraction, 7.4-13.9% for the entire group (Table II) . All lower and upper limits for the female subgroup were within the 90% confidence intervals of the whole study group (Table III) . For the males, only the upper limits for the α 1 -antitrypsin fraction and α 2 -macroglobulin were outside the 90% confidence intervals for the whole study group (Table IV) .
Percentiles (2.5 and 97.5) of individual peaks (g/L)
The 2.5 and 97.5 percentiles for the percentages of the different fractions were: albumin fraction, 33.1-47.3 g/L; α 1 -acid glycoprotein fraction, 0.18-0.86 g/L; α 1 -antitrypsin fraction, 0.77-1.94 g/L; haptoglobin, 1.02-3.28 g/L; α 2 -macroglobulin fraction, 1.73-3.80 g/L; β 1 -globulin fraction, 3.12-5.50 g/L; β 2 -globulin fraction, 2.14-4.17 g/L; fibrinogen fraction, 1.96-4.19 g/L; and gammaglobulin fraction, 4.19-9.73 g/L for the entire group (Table II) . All lower and upper limits for both the female and male subgroups were within the 90% confidence intervals of the whole study group (Tables  III and IV) .
Discussion
The first automated multicapillary instrument designed for routine serum protein analysis by CE, the Paragon CZE2000 (Beckman Instruments, Brea, CA), was commercialized in 1994 (10) . The Capillarys is the second generation of automated multicapillary instruments for serum or plasma protein analysis. It is fully automated with bar-code identification for patients and racks, preseparation steps, and direct postseparation quantitation of individual peaks. CE provides simultaneous information on several protein fractions and can be used for evaluation of immunological and inflammatory responses and for the detection of M-components. The Capillarys CE system allows a good separation of α 1 -antitrypsin, α 1 -acid glycoprotein, and haptoglobin in serum and plasma samples, thus making it possible to quantitate these proteins from the electropherogram (6) . There are several factors, other than the acute phase response, that can influence individual plasma proteins. Thus, it may advantageous to determine several acute phase proteins as in CE. Low α 1 -antitrypsin may be attributable to genetic deficiency and increased levels may be caused by liver damage or oestrogen therapy (11) . α 1 -Acid glycoprotein (12) is influenced by the glomerular filtration rate with increased levels in plasma from patients with kidney damage, and haptoglobin is low in plasma from patients with liver cirrhosis or haemolysis (13) (14) (15) . To be able to interpret the individual peaks in the electropherogram, it is essential to have knowledge of the variation of individual peaks in healthy individuals. We have, thus, studied the variation of individual protein peaks in healthy blood donors. The health care strives to shorten patient turnaround times (TAT) and thus also laboratory test TAT. The transit from celluloseacetate and agarose electrophoreses to CE has made it possible to significantly shorten TAT. The use of lithiumheparin PST tubes eliminates delay because of sample clotting.
With PST tubes, preanalytical automation, CE, computerized interpretation, and an electronic request-result system, it should be possible to provide test results within 30 min from the time that the sample arrives to the laboratory. This is superior to ESR and similar to CRP TAT. In the future, we believe that plasma protein electrophoresis with capillaries will be an interesting alternative to ESR, providing shorter TATs and more information to the clinician.
Conclusion
Reported here are the 2.5 and 97. 
